indicating a transverse wakefield 30% weaker than previously thought; this should lead to a reduction of the wakefield induced' emittance growth by 60%. Chromatic (dispersive) effects from offset quadrupoles and orhit deviation are the dominant source of emittance growth in TESLA; this is particularly true at the entrance of the linac where there is a large uncorrelated energy spread of -3% resulting from the hunch compressor. The strength of the effect is reflected in the BPM offset luminosity tolerance of 25 pm (table 1); this should he compared to the expected installation tolerance of -360 pm'.
BEAM-BASED ALIGNMENT METHODS

Dispersion Free Steering (DFS)
As its name implies, DFS attempts to find a trajectory which minimises the dispersion generated. This is achieved by finding an orbit which minimises the difference orbit when either the beam energy or the lattice strength is modified. In the absence of cavity misalignments or other 'external fields' which can kick beam which -if not corrected for -will confuse the measurement of the 'dispersive' orbit. Similarly incoming random beam jitter must he compensated, or averaged away. Figure I shows the results of applying DFS to the TESLA linac using the simulation code PLACET [7] . Specifically, the plot shows the effects of upstream beam jitter on the results (upper curve); in this case two BPMs at the entrance to each bin where used to fit out the incoming oscillation. The degree to which this can be achieved depends on the BPM resolution assumed (10 pm RMS). The results indicate that the jitter is responsible for a factor -312 in emittance growth, and would appear to explain some of the discrepancy between the TDR results and those reponed in [SI.
Ballistic Alignment (BA)
In ballistic alignment [SI. a reference line is established by first turning off all the components (quadrupoles, cavities, correctors) within a given section, and then allowing the beam to 'coast' through that section. Assuming that there are no other fields which can influence the beam the BPM readings define a straight line (to within the BPM resolution) to which the beam is re-steered after components are restored to their original values. As with DFS the linac is divided into bins, but unlike DFS they are not overlapped. To prevent the corrected orbit 'walking away', the ballistic BPM readings are first linearly corrected to arbitrarily zero the last BPM in the current bin; this BPM acts as a pivot location or node, where the straight ballistic reference lines are allowed to have an angle. Figure 2 shows the orbit between the quadrupoles, there is no conceptual schematically a section of linac after ballistic alignment. difference between chaneine the auadruvole strengths and For the case of oerfect BPMs (zero resolution). the -_ .
modifying the beam energy. However, when we consider the effects of cavity steering, then it is important to use the energy method in order to get a 'me' dispersion measurement (merely changing the quadrupole strengths does not 'measure' the dispersive kicks from the cavities).
The method adopted in [51 divided the linac into a number of overlapping sections or bins (typically 20 quadrupoles with an overlap of 10). DFS is then applied to each bin in turn. For each bin, the upstream energy was varied by -20% and the difference orbit measured: With the additional knowledge of the optics an orhit can be found which minimises the measured difference.
DFS suffers from several problems:
In the presence of BPM noise, the exact solutions typically result in an absolute orhit which exhibits remaining dispersive kicks are simply given by the angles Another possible issue which also affects DFS performance is that of BPM resolution. Initial beam-based alignment is likely to be at reduced beam power to protect the linac from possible damage; this means either a significant reduction in the number of bunches or a reduction in single bunch charge or (most likely) both.
This may have a significant impact on the BPM performance. Reduction of the bunch charge will also affect the wakefields, although in TESLA this is probably not an issue.
In principle, the transverse wakefields will define the 'straightness' of the ballistic trajectory. In CLIC simulations [E] the ballistic process is generally iterated to converge to the final desired orbit. The current simulations suggest that no such iteration is required for TESLA, as the wakefield effects on the ballistic orbit are small.
The performance of the ballistic method depends on:
The size of the node angles %, the typical size of which depend on the expected BPM offsets, and the length of the ballistic sections (Lb); The resolution of the BPMs. For the current simulations, bins of 14 quadrupoles were taken (7 cells, or a total phase advancet of 7d3) corresponding to a length of -410 m in the low energy section of the linac. A BPM single-shot resolution of 10 pm was also used. RMS. The average emittance achieved as 26k4nm corresponding to an emittance growth of 30%; -85% of the machines produced an emittance growth of 50% or less. Note that half of this emittance growth comes from the first -750 mor -12 GeV of the linac where the energy spread is large due to bunch compression.
A large fraction of the 'projected' emittance shown in the solid lines in figure 3 is correlated with energy. In principle, the linear correlations (y8) and (y'6)can be removed with use of orbit bumps in the linac, or the dispersion correction available in the beam delivery system (BDS). The green dotted lines in figures 3 and 4 show the emittance after this correction: the average linac exit (dispersion corrected) emittance is now -18%. 
